The effect of both surface coupling J s and surface magnetic field H s on the dependency of the layering temperature T L as a function of the thickness N , of a spin−1/2 Ising film is studied using mean field theory. It is found that for J s greater than a critical value (J sc = 1.30), the layering temperature decreases when the film thickness N increases for any values of H s . While, for J s < J sc , the behavior of the layering temperature T L as a function of N depends strongly on the H s values. Indeed, we show the existence of three behavior classes of T L , as a function of the film thickness N , separated by two critical surface magnetic fields H sc1 and H sc2 , namely: (i) for H s < H sc1 , T L increases with N ;
1 Introduction and experimental analysis of a variety of magnetic phenomena. One other problem investigated is the critical temperature at which the system undergoes a magnetic-nonmagnetic phase transition. Of particular interest is the change of this temperature when the magnetic system becomes finite in a given direction. It has been established, in Ref. [20] , that depending on the values of magnetic coupling constants near the surface region, two different behaviors can be observed at the surface region: (i) The surface critical temperature is the same as the bulk one when the coupling constant on the surface is smaller than a critical value. (ii) The surface critical temperature may be higher than the corresponding bulk one when the surface coupling is larger than the critical value. As for the film system, which is finite in one direction, it has been established that its magnetic properties can differ greatly from those of the corresponding bulk [21] [22] [23] [24] . Experimental results [25] showed that the critical temperature of a vanadium film depends on the film thickness and its critical behavior is like that of the two-dimensional system rather than that of the three-dimensional bulk.
We have established, in a previous works, the effect of temperature and transverse field on the wetting and layering transitions of an Ising system with perfect surfaces [26] and corrugated surfaces [27] , for fixed surface field values. The purpose of this paper, is to study the surface coupling effect on the behavior of the layering temperature, as a function of the film thickness, and the wetting phenomena of a spin−1/2 Ising film in the presence of both surface magnetic and longitudinal magnetic fields, using the mean field theory.
It is well known that although the existence of certain limitations in the mean field method, this method leads qualitatively to the same results compared to the other methods, when studiyng Ising magnetic film properties. Hence, the mean field-like methods are acceptable to study the critical properties and phase transitions of Ising magnetic films [18, 28] . This paper is organized as follows. Section 2 describes the model and the method. In section 3 we present results and discussions. α → ∞. Hence, the (USF) model and α = ∞ will mean the same throughout this work. The abbreviation (USF) (resp. (VSF)) will be used, in all the following, to denote the model of Eq.(2) (resp. the model of Eq. (3)).
Using the mean field theory, the magnetization of a plane k can be written as:
With the free boundary conditions:
The total free energy of the system can be written as follows
where F k stands for the free energy of a plane k, given by:
Where
.., N, and β = 1/(k B T ) with T being the absolute temperature and k B the Boltzmann constant.
Results and discussion
In the following, results are established for the models (USF) case and (VSF) case, respectively.
Reduced values of the parameters T , T L , T w , H, H s and J s are investigated in this work. However, for simplicity the syntax "reduced" will be cancelled despite the fact that we investigate
The notation 1 k O N −k will be used for a configuration when the first k layers are in the state 'up' and the remaining N − k layers are in the state 'down'. In particular, 1
will denote a system with all layers with positive magnetization (rep. negative magnetization).
There exists N +1 possible configurations for a fixed system size with N layers. In addition, numerical results of the (VSF) case will be limited to α = 2.0 despite the fact that the established equations are valid for any arbitrary value of α.
Ground state phase diagrams
For the (USF) case, the surface magnetic field is present only on the layer k = 1, and the model of Eq. 2 is used.
The corresponding ground state phase diagram is plotted in Fig. 2a . Indeed, it is found that at T = 0, and from the N + 1 possible configurations for a system size N (N ≥ 3), there is only three allowed transitions. These three transitions 
are found according to linear forms
The constants a and b are discussed below.
• The transition
• The N − 1 transitions 1
., N − 1 are seen for: To illustrate the above considerations we give, hereafter, a detailed study and numerical results for a fixed system size of N = 5 layers and a fixed exponent α = 2.0 (Fig. 2b ).
For very small (but non null) values of the surface magnetic field, the first transition
is seen according to he law:
For a sufficiently higher surface magnetic field with the condition:
where
For a surface magnetic field (H s /J b ) greater than h 3 and less than h 4 , with
two new transitions are found, namely:
The last two transitions 1
following the laws:
For a fixed film thickness with N = 5 layers, all these 2N − 1 = 9 different transitions are summarized by Fig. 2b , from the N + 1 = 6 possible configurations, namely:
Phase diagrams for T = 0
We solve numerically the equations (4) and (6) for the models (USF) and (VSF), in order to establish the phase diagrams of the system. Unless otherwise specified, the results given in this section have been established for α = inf ty. Indeed, the topologies of the phase diagrams obtained for infinite and finite α values are identical. Fig. 3 shows that the layering temperature, T L /J b , above which a succession of layering transitions occurs is greater than the "surface transition" temperature. Hence, the film thickness must be at least equal to three layers and and T w /J b exhibit the same topology for finite α values and system sizes. It is also worth to note that the layering temperature ( Fig. 6a ) and the wetting temperature (Fig. 6b) decrease when increasing the surface magnetic field H s /J b , for a fixed value of the surface coupling
This result is not new since it has been outlined by Pandit et al. in Refs. [1, 2] and in an our earlier work [19] .
system size N and α values. 
